Summary During the meiotic analysis of gamma ray treated sets, two induced translocation heterozygotes (P-1 and P-8) were cytologically isolated at 200 Gy and 400 Gy doses in Lathyrus sativus L. var. Pusa-24. However, both translocation heterozygotes (P-1 and P-8) exhibited the formation of a ring and chain of multivalents in majority of PMCs at diakinesis and metaphase-I. At anaphase-I, both the translocation heterozygotes displayed various abnormalities as well, although some PMCs showed normal 7 : 7 separations but the most common and frequent separation to be encountered in these two variants was 6 : 8 separation. Pollen fertility was found to decline to 41.32% in P-1 and 39.46% in P-8 against 98.92% in the control sets.
Induced mutations, in the recent years have been successfully employed for the improvement of many important field crops. Gamma rays have been proved to be economical and effective as compared to other ionizing radiations because of its ease in availability and power of penetration. This penetration power of gamma rays helps in its wider application for the improvement of various plant species. Reciprocal translocations are chromosomal aberrations involving the exchange of parts between heterologous chromosomes. Plants bearing translocations are known as heterozygotes as only one of the chromosomes of a non-homologous pair is involved.
Grasspea (Lathyrus sativus L.) is traditionally cultivated as a pulse crop or fodder in India, Bangladesh, Nepal, Ethiopia, Algeria and Mediterranean region. Grasspea is a popular food and sometimes becomes the only available source of nutrition and survival for the poor section of population during drought and famine in Asian and African countries. Many crop improvement programmes are presently addressing researches on different aspects of grasspea (Handbury et al. 2000) and mutagenesis can be a valuable supplement to conventional breeding methods.
The present study was undertaken to study the effects of gamma irradiation in grass pea and to evaluate the possibility of using this physical mutagen as a source of creating new hereditary alterations.
Materials and methods
Healthy and fresh seeds of Lathyrus sativus var. Pusa-24 were procured from National Bureau of Plant Genetic Resources (N.B.P.G.R.), New Delhi. Hundred seeds were irradiated with gamma rays (Source Co 60 ) at 4 different doses viz. 200, 400, 600 and 800 Gy at National Botanical Research Institute (N.B.R.I.) Lucknow. These seeds were then sown in experimental pots to raise M 1 generation along with their respective controls. Young floral buds of control and irradiated sets were fixed in 1 : 3 acetic acid : absolute alcohol solution for 24 h and then transferred in 70% alcohol. An-thers were squashed in 2% acetocarmine. Pollen fertility was estimated by using acetocarmineglycerine stainability test. 
Observations
Effects of gamma rays on the chromosomes of Lathyrus sativus L. undergoing meiotic division were investigated in anthers of all the 4 sets of the treatment along with their respective controls. An examination of meiotic division in all the 4 treatment sets exhibited a wide range of chromosomal aberrations with a variable frequency. However, no chromosomal abnormality was displayed by the PMCs of control plants. A regular presence of 7 bivalents was noticed at diakinesis and metaphase-I and also 7 : 7 separation at anaphase-I in the controls.
During the meiotic analysis of all the 4 sets of gamma ray treatment, some PMCs of 200 Gy and 400 Gy treatment sets, displayed a deviant meiotic behaviour from the normal. This deviant meiotic behaviour was further confirmed by the detailed cytological analysis of treated sets at 200 Gy and 400 Gy doses of gamma rays. Two induced translocation heterozygotes were identified from M 1 progeny as Progeny no. 1 (P-1) at 200 Gy and Progeny no. 8 (P-8) at 400 Gy doses of gamma ray treatment set.
The two induced translocation heterozygotes (P-1 and P-8) however, exhibited the formation of a ring or chain of 4 chromosomes along with 5 bivalents in majority of PMCs at diakinesis and metaphase-I (Fig. 1A) . During the cytological screening, incomplete (Fig. 1A) and complete ( Fig.  1B ) translocation rings were noticed in both the translocation heterozygotes. Besides this, other configurations like trivalents, tetravalents (Fig. 1F) , hexavalents ( Fig. 1H ) and multivalents ( Fig. 1I ) along with variable numbers of bivalents could also be observed. However, the multivalents were found in quite different orientations as evident from the Figs. 1C, D, E and G. Table 1 gives an account of major metaphase-I configurations in both the translocation heterozygotes.
During meiotic analysis, 52.75% PMCs in P-1 and 58.16% PMCs in P-8 displayed the presence of one quadrivalent with five bivalents as one of the most pre-dominant configurations (Table 1) .
The quadrivalents appeared both in ring and chain configurations but ring configuration was more frequent being 53.32% in P-1 and 46.71% in P-8 (Table 2) . It is also surprising to note that the quadrivalent was always in close association with nucleolus irrespective of the configuration. The ring quadrivalents were of two types i.e. adjacent and alternate. P-1 and P-8 had more adjacent orientations of quadrivalents than alternate ones.
Anaphase-I, in both the translocation heterozygotes showed various abnormalities as well, although some PMCs exhibited normal 7 : 7 separation but the most common and frequent separation to be encountered was 6 : 8 separation with the frequency of 46.21% in P-1 and 44.17% in P-8 (Table 2) . Besides this, bridges, laggards, stickiness, micronuclei, etc. were also recorded as prominent abnormalities. Pollen fertility was found to decline to 41.32% in P-1 and 39.46% in P-8 as against 98.92% in the control sets (Table 2) .
Discussion
Translocation heterozygotes have been of great interest as they represent a model of surveying genetic and chromosomal changes and provide novel gene linking by breaking undesirable associations. Chromosome interchanges involving exchange of chromosome segments have been produced in large number of plant species using ionization radiations (Gill et al. 1980, Kumar and Singh 2003) . If the chromosomes involved in an interchange are known; these interchanges can be used for cytogenetical studies by arranging in a tester set (Gupta and Gupta 1991, Gupta 1995) . Segmental interchanges have been reported in a number of plants like Capsicum (Meshram et al. 1981) , wheat (Belay and Marker 1997) , Lathyrus sativus (Biswas and Biswas 1999) , Nigella (Saha and Datta 2000) , pearl millet (Kumar and Singh 2003) , soybean (Kumar and Rai 2005) .
Association of chromosomes in rings and chains of 4 and also the presence of bivalents and univalents have suggested a double interchange involving 2 non-homologous chromosomes. Preponderance of ring interchange complexes seems to be due to greater length of interchanged parts as well as chiasmate associations in all the arms of the chromosomes.
Quadrivalents or higher chromosomal associations at metaphase-I indicate translocations and chromosome bridges/fragments at anaphase-I indicate the presence of inversions. High frequency of ring quadrivalents at metaphase-I suggests that reciprocal translocation had occurred between two relatively large sized chromosomes (Soriano 1957) . On the other hand, occurrence of chain quadrivalent has been attributed to complete terminalization at one end of the cross shaped configuration, formed during pachytene.
The presence of quadrivalent in close association with nucleolus indicates that the quadrivalent might have originated as a consequence of reciprocal translocation between 2 non-homologous chromosomes belonging to different pairs following breakages induced by gamma rays. Open chain formation is an outcome of adjacent type of translocation followed by delayed segregation and laggards may appear which ultimately give rise to micronuclei at telophase-II (Sinha and Acharia 1974) .
Phenotypic similarity of the interchanged plants with control plants indicated the possibility of no change in DNA inspite of chromosomal breakage (Sybenga 1972) . A high degree of pollen sterility observed in both semi-sterile translocation heterozygotes can be attributed not only to anatelophasic abnormalities but also to adjacent types of disjunctions. Pollen grains due to unequal separation bear higher or lower number leading to sterility. These pollens however, if fertile may lead to aneuploid offspring and may give rise to some novel gene combination.
